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A special measurement system in Philips Lighting Turnhout uses a LabVIEW 
based software for mercury pressure measurement of ultra high performance 
burners. This application has become out-of-date, and a new application based 
on the standard LabVIEW template with a newer software environment was de-
signed. 
The aim of this Bachelor’s thesis was an implementation of a programmable 
logic controller and lamp voltage measurement features to the new application. 
Some additional features were also made during the project with another thesis 
writer who concentrated on the measurement algorithm. The project was made 
in a real working environment, and meetings with co-workers were held at regu-
lar intervals. 
The Goal of the project was achieved and nowadays the new application is op-
erating as part of the online quality control system of the burner production line. 
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DFM Data Flow Manager 
DPL Digital Projection Lighting 
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GTD Global Technology Development 
GUI Graphical User Interface 
I/O Input/Output 
IOS Input/Output Server 
LabVIEW Laboratory Virtual Instrument Engineering Workbench 
MAX Measurement & Automation Explorer (National Instruments software) 
PC Personal Computer 
PCI Peripheral Component Interconnect 
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US User Specification 
VI Virtual Instrument 
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1 INTRODUCTION 
Philips Lighting Turnhout is one of the biggest manufacturers in the world for 
special lighting. The DPL (Digital Projection Lighting) department produces 
UHP (Ultra-High Performance) burners. These burners are ideal light 
sources for projectors and rear projection televisions because they have the 
highest light output of the micro display projectors. UHP lamps have a long 
operating time and a low loss of luminous flux during it. The name of the 
UHP lamp is related to a very high operating pressure that is usually around 
200-250 bars. (1.) 
Philips has a special way for manufacturing these kinds of burners. This sys-
tem with high quality materials and an accurate online quality control system 
ensures that only good products will be delivered to customers. A Special 
kind of measuring method has been developed for the pressure measure-
ment. This fully automatic PLC-controlled system uses the spectral analysis 
for pressure calculation.  
The application that used to control the measuring unit in the production line 
has been in use and under development about ten years (2). During this time 
the source code of the application has become very large and confusing to 
debug. Because of this, much production time is lost when some program re-
lated problems occur. It is very difficult to find experts who are able to fix 
those problems. This is why it was time for rebuilding the application. 
The software that was based on an old software environment sometimes re-
ported a working burner as defect. The Reason for these errors was noticed 
in the old program, and it had to be fixed. The Old application did some log-
ging of the results but the arrangements of these results were very confusing 
and difficult to read. Because of that it had to be redone in a better way.  
The goal of this project was to develop a continuous, reliable and long-lasting 
measurement application for the pressure measurement using the LabVIEW 
template created for Philips. The algorithm design for the measurement and 
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programming logic controllers was not a part of this project, but some minor 
features and documentation were. 
Due to the relatively big size of the project it was split in two parts for two au-
tomation engineering students and it was estimated to take about four 
months to complete. The other student concentrated on implementing an al-
gorithm for spectral measurement and on developing some other features, 
e.g. critical files protection by checksums on logging. The interface of the fi-
nal application was developed together with him during the project. 
Another part that is described in this thesis is concentrated on implementing 
PLC (Programmable Logic Controller) features and serial communication 
with the digital I/O and lamp voltage measurement with a new type of a mul-
timeter. The most challenging and laborous parts are related to the PLC and 
serial communication between the PLC, measuring unit and production PC. 
The main reason for this was that there were so few examples, and the test-
ing time of these features was very limited. The voltage measurement sys-
tem came up in the end with a possibility to use an old kind of multimeter as 
well by changing the type from the settings and replacing the device itself.  
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2 PROGRAMMABLE LOGIC CONTROLLERS 
The basic information of the PLCs and digital I/O (Input/output) are explained 
in this section. There are many different types of these devices on the market 
but Siemens S7 and National Instruments products were used during this 
thesis. 
2.1 Structure of PLC 
Programmable logic controllers are one of the most important devices in the 
modern industrial automation. PLCs are applied when a production process 
goes through with logical steps and a certain type of sequenced operations. 
Today the PLCs are based on microcomputers and they are very reliable de-
vices with thousands of programming possibilities.  
The simplified structure of the programmable logic controllers consist of five 
units which are: the program memory, in which instructions for sequences 
are stored, the data memory, where status of the working data is stored, the 
output devices, which are for example motors and switches also called as 
actuators, the input devices, which are all kinds of sensors and detectors, 
and finally the central processing unit that handles all of the other units.  (3.) 
The programmable logic controller used in the measuring machine is a Sie-
mens SIMATIC S7 product family PLC. In this part of the production the PLC 
handles almost all moving parts of the machine. Programming the actual 
PLC was not in the scope of this project but programming the communication 
between the measuring unit and the production PC with LabVIEW was one 
of the biggest parts of it. 
2.2 Digital Inputs and Outputs 
Compared to the analog measurement, the digital signal has only one or two 
states while the analog signal can have numerous actual values. This state 
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that the digital signal has is usually called either High and Low or ‘1’ and ‘0’. 
When this kind of signals exist, the digital I/O devices are used.  
Measuring and sometimes generating digital values is faced in many modern 
applications. A Digital I/O can read from or write to a line (which in this case 
means a wire or pin) or an entire digital port, which is a collection of lines. On 
some devices, it is possible to configure the lines individually to either meas-
ure or generate digital signals. Each line corresponds to a channel in the 
task. Generally, measuring and generating digital values is used in laboratory 
testing, production testing, and industrial process monitoring and control. (5; 
6.) 
The IO-card used for handshaking between the PLC and the PC in this 
project was the National Instruments PCI-6527 which is a 48-bit, parallel, iso-
lated digital I/O board for the PCI (Peripheral Component Interconnect). NI 
PCI-6527 has 24 digital inputs, 24 digital switch outputs, and no jumpers. 
PCI-6527 can sense digital levels up to 28 VDC and switch the currents up to 
120 mA (7).  
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3 HARDWARE OF QUALITY CONTROL UNIT 
The hardware on the UHP burner production consists of many different items 
like lasers, conveyors, multiple PCs etc. The spectral measuring system has 
three main units that are introduced in this chapter. 
3.1 Measuring Unit 
The measuring unit used in the pressure measurement phase of the produc-
tion is a rotating device and it has 32 holders wherein individual burner billets 
are hold. Each holder has an igniter that is dependent on the product type 
and power and it must be changed manually before starting the measure-
ment. In addition, separate connectors are mounted for measuring the lamp 
voltage with a multimeter. The structure of measuring unit is represented in 
Figure1.  
 
FIGURE 1. Structure of measuring unit 
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The measuring unit rotates one step at a time to give the burner a warm up 
time for the measurements. A spectrum is first acquired with a spectrometer, 
and in the following step the Vla (Lamp Voltage) is measured. These results 
are stored in the buffer, and later the mercury pressure is calculated with a 
special algorithm.  The steps and measurements are represented in Figure 
2. 
 
FIGURE 2. Measuring unit operations 
3.2 Spectrometer 
A spectrometer is used when the properties of light at a specific wavelength 
have to be measured. Most often, the variable that is measured is the inten-
sity of light. The Acton Standard Series spectrometer from Princeton Instru-
ments was used during this project.  
Acton SpectraPro-300i was used in the testing phase and Acton SpectraPro-
2300i was used in the production line. Both of these have a very good accu-
racy and a small error rate. Possible wavelengths for these are in range of 
0…1400 nm and about 0.1 nm resolution (8; 9.). 
3.3 Multimeter 
The measurement of the lamp voltage is measured by a Fluke 8808A digital 
multimeter (the front panel of the device is represented in Figure 3). It has a 
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5.5 digit resolution and a very good accuracy and the reliable 2x4 ohms 4-
wire measurement technique with various measurement options. It is con-
nected to the measuring unit with RS-232.  
The operation of this device is almost fully automatic and it is done by the 
pHg Measurement application. The only function that must be configured in 
the device is setting up the communication parameters of the device, al-
though this is also done automatically in the final version of the application. 
(10.) 
 
FIGURE 3. Front panel of Fluke 8808A Multimeter 
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4 LabVIEW AND APPLICATION TEMPLATE 
The most important design tool in Philips for the machine vision applications 
is LabVIEW (Laboratory Virtual Instrument Engineering Workbench). Lab-
VIEW is system design software that provides engineers and scientists with 
the tools needed to create and deploy measurement and control systems 
through unprecedented hardware integration (13). The basic flow of the Lab-
VIEW-programming and structure of the application template, what was used 
in this project, are described in this chapter. 
4.1 LabVIEW-Programming 
LabVIEW is a graphical programming language that uses icons instead of 
lines of text to create applications. In contrast to the text-based programming 
languages, where instructions determine the order of the program execution, 
LabVIEW uses dataflow programming, where the flow of data through the 
nodes on the block diagram determines the execution order of the Virtual In-
struments (VIs) and functions. VIs are LabVIEW programs that correspond 
physical instruments. 
In LabVIEW, the user interface is built by using a set of tools and objects. 
The user interface is known as the front panel (Figure 4). After the front pan-
el has been built, the code is added by using graphical representations of 
functions to control the front panel objects. This graphical code, also known 
as G-code or block diagram code (Figure 5), is added to the block diagram. 
In some ways, the block diagram resembles a flowchart. (11.)  
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FIGURE 4. The front panel of simple LabVIEW program 
 
FIGURE 5. The block diagram of simple LabVIEW program 
Philips Lighting’s GTD (Global Technology Development) Mechanization de-
partment made the decision of using LabVIEW because it has a good sup-
port for rapid prototyping and development with a wide range of use in al-
most every possible measuring application. In addition, it has an easily 
maintainable software and a clear GUI (Graphical User Interface), and the 
software will most likely be completed more quickly than if it is made from the 
blank design. 
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4.2 Application Template 
At Philips Lighting a standard template for software development is used in-
stead of building every application individually. With this kind of procedure 
the economical benefits are possible. There are numerous re-usable ele-
ments in this application template. This makes it easy to create a new soft-
ware by combining parts of the old software. It also helps to troubleshoot the 
software which is made by someone else than the troubleshooter himself. 
The structure of the template consists of DFMs (Data Flow Managers) which 
deliver and receive information to and from the IOSs (Input/Output Servers) 
and TFSs (Transformation Servers). The IOSs handle all external devices, 
such as multi- and spectrometers, displays and communication. The TFSs 
process all of the collected information. (12.) The architectural design of the 
software based on the Philips LabVIEW template is seen on Figure 6. 
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FIGURE 6. Software design pattern (12) 
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5 DESIGN PROCESS OF APPLICATION 
The project started by receiving a user specification from the customer, and 
on that basis the functional specification could be written. After the agree-
ment between the customer and the designer the design process of the ap-
plication was ready to begin. The implementation of the PLC and multimeter 
to the application is also described in this chapter. 
5.1 User Specification and Functional Specification 
User Specification (US) is used to describe what is included in the project 
and what is not. In the US the client can propose his/her wishes to the 
project supplier. It is also a very important document for planning the project. 
In this project the US was made by Chris Dries, Measuring Specialist, and he 
was the client. On the start of this project the US was reviewed with the client 
and the discussion of the topics was made. According to this and later meet-
ings with client the project was ready to start. The User Specification can be 
seen in Appendix 1. 
The Functional Specification (FS) is the supplier’s response to the US. It de-
scribes the supplier’s point of view about the project and says how the re-
quired items are done. This is also a document that should be well detailed 
and easy to refer to if any disagreements between the client and the supplier 
come up during the project. If any parts of the US is not feasible, it must be 
informed in the FS.  
Based on the User Specification, the Functional Specification was made after 
studying the main parts of the old measurement application and the presently 
used Philips’ application template. Writing an FS turned out to be quite chal-
lenging and it took a while to complete it, and some changes were made dur-
ing the weekly meetings with the client. The latest Functional Specification is 
presented in Appendix 2.  
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5.2 Implementing the Actions of PLC  
 
FIGURE 7. Simplified flowchart of digital IO changes and reactions 
The National Instruments PCI-6257 digital I/O-card is used to read the bits 
between the PLC and the production PC (a simplified flowchart in Figure 7). 
As the application starts, the initialization begins and a specific VI is used to 
flush the existing values from the I/O. This has to be done to make sure that 
the old values in the digital I/O do not change any variables in the PLC be-
fore they are meant to do so. After flushing the I/O, the functional globals are 
initialized in the way that those are ready to receive new values from the I/O. 
The next step is creating and opening tasks for the input and output chan-
nels. First, the channel is selected as task using DAQmx Create Task.vi. This 
was created earlier in MAX (Measurement&Automation Explorer) which is a 
tool for configuring the hardware and software. Then, the channel/task is 
started using DAQmx Start Task.vi. After this, the digital IO is ready for read-
ing and writing the values. 
5.2.1 Handshaking Signals for PLC Operations 
Every action that the PLC makes is dependent on some other action. The 
PLC state is either HIGH or LOW. The communication via the digital I/O is 
based on these values. The indicators for the digital I/O changes were de-
signed to the GUI (represented in Figure 8). In addition to this, the structure 
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of the designing had to be quite straightforward in order to make the flow of 
the application easy to understand.  
 
FIGURE 8. Digital IO indicators in user interface (changes in PCI) 
The PLC first feeds the rotating measuring unit one position forwards (the to-
tal of 32 positions). The PC must check if the PLC is active (bit PLC Act is 
HIGH) and respond it by setting a PC Act bit to the state HIGH. When this 
happens, the PLC knows that the PC is ready for communicating.  
The serial port is initialized, and if no errors are detected, the communication 
notifier ISOpen is set HIGH. The PLC gives a start command. When the start 
command is available and the Auto button is pressed in the application, the 
PC starts reading data from the PLC via the serial port. If there are some 
problems in the communication and no actions happen in 10 minutes, the 
application goes to the STOP state. 
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FIGURE 9. Commands received from PLC shown in user interface 
After this, the PC starts reading data from the PLC. The maximum time for 
reading this data is three 200ms cycles. If the received data is valid, the Data 
OK value is updated to the digital output. When the data is received from the 
PLC and if the length of the message is correct, the data is sent to the se-
quencer. The data received from the PLC can be seen on the GUI in the 
Communication tab (Figure 9). 
5.2.2 Handling Measurement Data 
In the measurement position, the spectrum is acquired and the calculated 
line width result is stored to BUFFER 1. In the other position, the lamp vol-
tage is measured for that previously measured spectrum. Based on these re-
sults, the pressure inside the burner is calculated and this result is stored to 
BUFFER 2. For keeping each value (peak width, pressure, voltage and spec-
tral position) accurate enough, those are multiplied by 1000. In other words, 
the values are changed to pikometers, millibars and millivolts. In the other 
step, the measurement data is converted to the format that the PLC under-
stands (8-bit integer). 
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After all values have been received and sent, the data of the next burner 
from BUFFER 1 is moved to BUFFER 2 .The final step is to check the holder 
in position 1 at the measuring unit in the way that holder in the measurement 
position can be calculated. Every rising edge of the input bit Mach.Mv (Ma-
chine Movement), the holder position, the lamp number (which works as 
clockcounter) and the holder at the measurement position values are incre-
mented by 1. Because of the constant amount of holders present, the bit 
Sync is set HIGH when holder one is at position one and the holder position 
value is reset. 
Due to the complicated old software and the lack of examples based on the 
new framework, the designing and implementing of these features took a 
great deal of time. One big problem was also the limited time to test the PLC 
communication because the production had to be kept running as much as 
possible. During some maintenance standstills it was possible to test the 
communication but only about one hour in two weeks.  
Finally, some of the Philips communication specialists and maintenance en-
gineers managed to build a testing environment that was acting in the same 
way as the measuring unit in production, what comes to the PLC operations. 
This gave a possibility to test that the program was working after every 
change that was made. 
5.3 Implementing Lamp Voltage Measurement Function 
Measuring the lamp voltage must be done for the calculation of the pressure 
inside the burner. In the old application it was done by a Fluke 45 multimeter 
and it had to be replaced with a new and more accurate multimeter (Fluke 
8808A).  
When the measurement application is set to the automatic mode, the first 
step is to initialize the multimeter, where all the settings are loaded. The set-
tings which must be set are measurement function, measurement rate, mea-
surement ranges and communication settings. In the measurement function, 
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the user can choose what type of a measurement is done based on the 
source, for example AC or DC voltage, frequency etc. The measurement rate 
defines how many measurements can be done in one second. In the mea-
surement ranges, the user can define the ranges for the selected units, for 
example millivolt and kilohertz. 
After loading the settings, the actual lamp voltage measurement can be done 
and the results are saved in a buffer from where those are collected later. All 
of these steps are possible to be done in the individual measurement IOS 
(Figure 10) by pressing buttons INIT, CONFIG and MEASURE. The individu-
al measurement was implemented for cases where only one burner had to 
be measured. 
 
FIGURE 10. Graphical user interface for Vla measurement (Fluke 8808A) 
The implementation of the lamp voltage measurement was rather easy be-
cause there were quite good examples in the old application even though it 
was somewhat unclearly done. The challenge of this phase was the imple-
mentation of two different kinds of multimeters in a way that it was easy to 
change the type of the multimeter. In addition testing this feature was easy 
because it was possible to connect the multimeter directly to the PC and 
check that the values were reasonable. 
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6 RESULTS AND SUMMARY   
The project goal was to replace the old complicated measurement software 
with a new one based on an easily maintainable standard template. The goal 
was achieved, and nowadays the application is running in the production. 
One challenge in this project was that the new application was made on 
LabVIEW which is a rather new software environment. The other challenge 
was the size of the project. Because of the size of the project, it was divided 
into two separate parts. This meant that communication with other student 
was very important to avoid making duplicate items for the application. 
The support from the hosting company was great and the meetings with the 
customer Chris Dries, Toon Raes (LabVIEW coordinator), Geert van Baelen 
and Yves Casteels (DPL supervisors) and some other employees gave a 
great deal of information for the project.  
By this knowledge, I would recommend to start using the testing environment 
for the PLC in a much earlier phase of the project. The lack of the test sys-
tem caused big problems for debugging the errors in the application. Under-
standing the standard LabVIEW template took also quite much time.  
Altogether, the project was very educational and gave a good opportunity to 
learn about working structure practices in a big company.   
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